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Abstract 
Morocco in general and its eastern region in particular has become one of the target regions for investors in the field of solar 
energy, since it hosts the Ain Beni Mathar solar thermal power plant and it will host one of the five future CSP power plants 
fixed by MASEN (the Moroccan Agency for Solar Energy). Consequently, it is necessary to identify the most appropriate sites 
for the installation of the CSP power plants in this region with high precision to profit as much as possible from the solar 
resource. This paper presents some preliminary results aiming to highlight the suitable areas for the installation of CSP power 
plants in the eastern region of Morocco using ArcGIS software and a large land exclusion database with “high spatial resolution”. 
This database has been built based on data sets from governmental organizations and our knowledge about the details of the 
region. The solar map has been calculated using the hemispherical viewshed algorithm included in the ArcGIS environment. For 
each layer all spatial information on the defined exclusion criteria was overlaid and marks the non suitable places as white pixels. 
In a final step, all layers are overlaid and a final map was created showing the suitable and non suitable places. The results show 
that the eastern region of Morocco has a high suitability to host CSP power plants with more than 65% of its total surface 
fulfilling the criteria. 
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1. Introduction 
During the last decade, the price of the oil barrel has significantly increased and recorded unprecedented prices. 
The impacts were more significant on countries with low energy production. Since Morocco is one of the most 
deficient countries in fossil energies, with an energetic dependency that has reached about 96% in 2011 [1] (see 
Fig.1), its energetic bill has increased, mainly because of the augmentation of the amount of consumption in parallel 
with the rapid economic development.  
Against such a problematic situation and in view of Morocco’s enormous potential of renewable energies, the 
Moroccan state has chosen to largely benefit from these resources in order to develop electricity generation from 
renewable energies with the objective to reach 42% by the year 2020 [2]. 
 
 
 
Fig.1.Rate of energy dependency in Morocco (%). 
In the field of Concentrated Solar Power (CSP), an ambitious project was launched aiming to produce 2000 
megawatts from solar energy [3]. For this reason, five sites were identified to host solar power plants.  
The eastern region of Morocco will host one of these sites. The purpose of this study is to highlight the suitable 
areas for the implementation of CSP power plants in this region by developing an exclusion map using ArcGIS 
software, available solar resource, high resolution geographical information on land use, the existing infrastructure, 
hydrology, protected areas etc. 
2. The eastern region of Morocco 
The eastern region of Morocco has been recently forming a center of interest for the Moroccan state. This interest 
emerges from different reasons and is mainly based on the large economical potential the region suggests, mainly 
regarding renewable energies related fields. Actually, the eastern region - which occupies 11.6% of the Moroccan 
territory (82 820 km²) - is placed at a strategic location, having the Algerian borders to the west and the 
Mediterranean Sea in the North. Moreover, this region is the only one in Morocco which has the particularity of 
gathering both the Mediterranean and the Saharian climates at the same time. 
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Fig. 2.Eastern region of Morocco. 
3. GIS and renewable energies 
Geographic Information Systems (GIS) is a very powerful tool for the analysis, consultation and compilation of 
maps and geographic data. In the field of renewable energy, GIS represents a very convenient digital environment to 
identify sites with high energy potential and it can provide analyzes and results that help policymakers to make 
decisions for the installation and integration for instance of a new CSP power plant for electricity production [19] or 
electricity and water desalination[20].  
In the literature several studies have used GIS-based assessments to evaluate renewable energy sources either for 
a large or regional scale. 
Gormally et al evaluated the annual renewable electricity potential from diverse sources (wind, solar, bioenergy, 
hydro-power) for Cambria UK [15]. Similarly, Janke [10] used GIS to identify the optimal places for the installation 
of wind and solar power plants in Colorado. Aydin has successfully identified the best locations for the installation 
of hybrid system combining solar-PV and wind in western Turkey [11].  
In order to identify the favorable areas for the implementation of wind farms in New York State, Van Haaren 
used a new method by including economical and environmental impact to the spatial multi criteria analyses [7]. 
Indeed, the development of the solar market leads to many researches which highlight the suitable places for the 
installation of solar technologies either on regional scale for CSP [12] and PV [13] or on a large scale as in the case 
of the PV assessment for the country of Oman [4]. GIS has also been used for rural electrification assessment with 
renewable sources of energy [5, 9, 16, 17] or to create dust risk map for solar energy systems [8].  
In very large scale, web-GIS tools are freely available. PV-GIS [24] is a GIS application that is available in real 
time on Internet which allows the calculation of the photovoltaic solar energy potential in Europe and Africa.  
Solar-Med-Atlas is a portal that provides high resolution (1km × 1km) and long term coverage (20 years 1991-
2010) data for global horizontal and direct normal irradiance for the whole Mediterranean region [22]. 
The international renewable energy agency (IRENA) launched an ambitious project to build an accurate, reliable 
and consistent internet-based GIS for solar and wind energy over the entire globe [21]. 
In the current study, a large database of land exclusion with high precision has been used to highlight the suitable 
areas for the installation of future CSP power plants in the eastern region of Morocco. 
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4. Exclusion database  
Identifying future sites to host CSP power plants in a region or a country is an essential task in the early stage in 
the field of potential assessment. Such an investigation requests a spatial analysis taking into consideration the 
available solar potential and geographical information such as land use, elevation, vegetation, hydrology etc.    
Based on data sets from governmental organizations, our knowledge about the details of the field of study and the 
ArcGIS environment, a large land exclusion database with “high spatial resolution” has been built. 
The solar map is calculated using the ArcGIS solar radiation model that has been deployed in previous studies 
[6,12]. The modeling method of the solar map as well as the construction elements of the database of exclusion will 
be detailed in the next paragraphs.  
4.1. Solar map 
The solar radiation tools, in the ArcGIS Spatial analyst toolbox, use the hemispherical viewshed algorithm 
developed by HEMI [25] to calculate the insolation through a landscape or for specific locations based on digital 
terrain model. Solar radiation that comes from the sun undergoes changes, first through the atmosphere and then by 
the topography. It reaches the earth surface as being direct, diffuse and reflected. The sum of these three components 
forms the global solar radiation. In its analysis, solar radiation tools don’t take into consideration the amount of 
reflected solar radiation. It represents the global solar radiation as the sum of only the direct and the diffuse solar 
radiation [23]. Solar radiation analysis tools calculate the solar maps following these steps [23]: 
 
x The calculation of an upward-looking hemispherical viewshed based on topography. 
x Overlay of the viewshed on a direct sun map to estimate direct radiation. 
x Overlay of the viewshed on a diffuse sky map to estimate diffuse radiation. 
x Repeating the process for every location of interest to produce an insolation map. 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.(a) Digital elevation model; (b) Annual direct solar radiation map. 
a b 
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In this study, we used the NASA Shuttle Radar Topographic Mission (SRTM) 90m × 90m digital elevation 
model (DEM) of the eastern region of Morocco to model the direct solar radiation map. The solar map and the DEM 
are presented in fig.3. 
4.2. Database of land exclusion 
In addition to the amount of solar radiation, the installation of the CSP power plants requires further analysis on 
land capability and suitability. For this reason we have developed a large database with high spatial resolution to 
exclude the areas that have impediments for the installation of CSP facilities. As an example of the high precision 
that our database provides, the fig.5 illustrates the exact location of the transmission lines, starting from the 
substation of the north of Oujda. 
 
In this work, and to reduce the number of layers, we divided our database on four large layers (see Fig.6): 
 
x Infrastructure  
x Hydrology 
x Vegetation 
x Terrain  
 
 
The fig.4 presents the sub-layers of the database of land exclusion. 
 
 
 
 
 
 
 
Fig.4. Sub-layers of the database of land exclusion. 
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Fig.5.The transmission lines at the substation of the north of Oujda (the blue, red and green colors refer respectively to 22, 60 and 225 kV 
transmission lines). 
5. Suitable areas for CSP power plants installation 
The assessment of the potential site to host CSP power plants in general and parabolic trough power plants in 
particular need some special criteria on the amount of solar radiation, the land slope and the available water resource 
that is used for cleaning and cooling cycles, etc. 
The goal of this study is to apply exclusion criteria to the different layers of the data sets and overlaying them to 
obtain a mask of exclusion showing suitable and non suitable sites for the installation of CSP power plants. Until 
now, there is no common method for the selection of exclusion criteria, but most of the studies agree to exclude the 
watercourses , the road network , the railways , forests and protected areas [26] [14].  
In previous works, some researchers [18, 27] chose a maximum slope gradient of 1% whereas [12] used 4% and 
DLR used 2,1% [26]. A minimum annual solar radiation of 1500 KWh/m² is the value selected by [27] while [12] 
used 2000 Kwh/m². 
In our analysis, we excluded all vegetation, watersheds, roads network, the power grid and the delimitations of 
the cities. Regarding the solar radiation, we used a minimal value of 1750KWh/m² (as an approximate mean average 
of the values chosen by [27, 12]) and a maximal slope gradient of 2%. This last is calculated from the NASA Shuttle 
Radar Topographic Mission (SRTM) 90m × 90m digital elevation model. All the exclusion criteria are summed up 
on the table.1 and the final exclusion map is presented on fig.7a in which the white pixels identify the excluded 
areas, in other words, the inappropriate sites for CSP power plants installation. 
Table 1.Exclusion criteria. 
Element of the database Criteria of exclusion 
Annual direct solar radiation  Exclude <1750 Kwh/m² 
Roads Exclude with a buffer of 500 m 
Railways 
Power grid 
Cities 
Vegetation 
Dams 
Waterways (permanent & not permanent) 
Slopes  
Exclude with a buffer of 500 m 
Exclude 
Exclude 
Exclude 
Exclude 
Exclude with a buffer of 500 m 
Exclude > 2 % 
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Fig. 6. The elements of the land exclusion database; (a) slopes; (b) infrastructure; (c) hydrology (d) vegetation. 
a b 
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6. Validation of the results 
In order to validate our database and exclusion criteria, we should check if our GIS analysis can give reasonable 
results with respect to the existing power plants in the eastern region of Morocco. 
The Ain Beni Mathar solar thermal power plant located in our region is one of the most promising solar power 
projects in Africa. The project consists of a 470 MWe hybrid power plant composed of a combined cycle and a 20 
MWe solar thermal system. 
In this study, it has been demonstrated that after the exclusion of the unfavorable areas for the installation of the 
CSP power plants (based on the criteria of table.1) the location of the Ain Beni Mathar power plant responds to the 
requirements of our exclusion criteria, see fig.7b.  
 
 
 
Fig. 7. (a) The final exclusion map shows the suitable sites for the installation of CSP power plants in the eastern region of Morocco (the white 
pixels are the unsuitable areas); (b) the location of AinBeniMathar power plant (used in order to validate our model).   
a b 
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7. Conclusion 
This paper presents a study that has been conducted in order to identify the suitable areas for the installation of 
concentrating solar power plants in the eastern region of Morocco. We used a standard GIS software and high 
spatial resolution database of land exclusion, based on data sets from governmental organizations and our 
knowledge on the field of study. The solar map was calculated using the solar radiation tools within the ArcGIS 
Spatial analyst toolbox.  
Results show that the eastern region of Morocco has a high suitability to host CSP power plants with more than 
65% of its total surface fulfilling the criteria which presents an area of 38 957 Km² from a planimetric surface of    
59 514 Km². 
The results of this study can help policymakers, investors and actors in the field of solar energy to have a clear 
idea of the most appropriate sites to build CSP power plants and to benefit as much as possible from solar energy. 
In the future, and as an extension to this study, we are going to make a ranking analysis to identify the most 
suitable sites for the installation of CSP power plants in the eastern region of Morocco by including groundwater 
data, dust concentration in the atmosphere (from satellite images) and results from a study on the moving sand in the 
region. 
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